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ABSTRACT: An unusual carbonate mineral, huntite (Mg3Ca(CO3)4) , is 
present in Upper Neogene lacustrine formations of the Kozaai Basin, 
Northern Greece. This carbonate, either pure or mixed with variable 
proportions of bydromagnesite and magnesite, forms extensive deposits 
that accumulated in ponds on a lake-margin carbonate flat. Although 
labile and metastabl¢, huntite also is the main detrital component of 
fluvial.dominated delta sequences in some parts of the basin. Clastie 
huntite is present mainly in foresets, trough cross-stratified units, and 
channel forms in terrigenous lithofacies towards the basal part of del- 
taic assemblages. Detachment of fragments from cohesive huntite pond 
deposits may have been favored by expansion through wetting rather 
than by desiccation and further contraction of the chemical sediment. 
This first documented occurrence of elastic huntite places some uncer- 
tainties on the presumed chemical and mechanical instability of huntite 
under natural conditions. 
INTRODUCTION 
Huntite, first described by Faust (1953), is a relatively rare Mg-rich car- 
bonate mineral (Mg3Ca(CO3)4). Huntite deposits have been recognized in
various ettings, including weathered volcanic tufts and dolomitic Iorma- 
tions (Faust 1953; Faust and Callaghan 1958; Cole and Lancucki 1975; 
Skinner 1958; Vitaliano and Beck 1963: Shayan 1984), karstic environ- 
ments (Baron et al. 1957: Thrailkill 1965), coastal sabkhas (Kinsman 1967; 
Perthuisot 1971; Perthuisot et al. 1990), and continental lacustrine nvi- 
ronments Orion and Miiller 1968: M011er et ah 1972; Stamatakis etah 
1989; Zachmann 1989). More recently, Renaut (1993) reported huntite in 
highly alkaline carbonate playas of the Cariboo Plateau, Canada. 
The conditions of huntite formation have not been clearly deciphered, 
and various mechanisms forhuntite precipitation have been proposed: pre- 
cipitation from percolating waters traversing dolomite, magnesite, and/or 
hydromagnesite deposits (Faust 1953: Baronet ah 1957; Skinner 1958; Vi- 
taliano and Beck 1963; Thrailkill 1965: Zachmann 1989), early diagenesis 
from magnesium-feb pore solutions under strong evaporitic onditions 
(Kinsman 1967), or bacterial reduction of sulfate during the initial stages 
of sabkha tbrmation (Perthuisot e al. 1990). In lakes, huntite is precipitated 
only at Mg/Ca ratios much higher than required for dolomitization (Irion 
and Mtiller 1968; MUller et al. 1972), huntite being envisaged as a sec- 
ondary carbonate product from precursor aragonite and/or hydromagnesite 
(Miiller and F~3rstner 1975), but no data about he time required for this 
translormation was given. Whatever the exact mechanism of formation, 
huntite is considered to be metastable in earth-surface onditions (Faust 
1953: Wolberg et al. 1989; Perthuisot 1990). 
The Neogene Kozani Basin in Macedonia, northern Greece, contains 
extensive huntite in continental l custrine deposits, in spite of its suppos- 
edly metastable character. Here, huntite is associated with other Mg-rich 
carbonates, mainly hydromagnesite and magnesite (Wedzenstein 1975; Sta- 
matakis et al. 1989: Zachmann 1989). One of the most striking features of 
these deposits i  that huntite is present locally as a elastic omponent of
terrigenous deposits. Given that primary huntite seems to have a low pres- 
ervation potential nd that he physical properties of huntite do not favor 
its behavior as a clastic material, its occurrence is somewhat problematic. 
Here we provide a description of this elastic huntite, and a sedimento- 
logical interpretation f the deposits containing elastic huntite. Some ob- 
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servations are made in order to explain the probable mechanism of detach- 
ment and reworking of huntite particles from cohesive carbonate deposits. 
HUNTITE IN THE KOZANI BASIN 
The Kozani Basin is in the northernmost part of Greece (Macedonia 
region) (Fig. 1), in the so-called Pelagonian Zone (Mercier 1973). It was 
formed by post-Alpine extensional movement that resulted in development 
of several tectonic depressions (Kozani, Flofina, Ptolemais, Elassona) long 
a NNW-SSE trend (Dermitzakis and Papanicolau 1981). In the Kozani 
Basin, margins are bounded by NW-SE and NE-SW normal faults that are 
locally associated with small strike-slip faults. The basin, 400 km 2 in area, 
is surrounded by Mesozoic limestone and dolostone and ophiolitic ultra- 
basic rocks. 
In the Kozani Basin, Mg-carbonate d posits are present in the upper pan 
of a 400-500 m thick sedimentary succession, ranging from Upper Miocene 
to Pliocene (Anastopoulos et al. 1980; van de Weerd 1983: Velitzelos and 
Knobloch 1986). This succession has been divided into two units, the Low- 
er Neogene Seres mainly fresh-water limestone and marlstone with inter- 
calated lignite seams, and the Upper Neogene Series, which comprises dol- 
omitic marlstone, limestone and sandstone (Anastopoulos and Brousoulis 
1973). The latter unit is up to 100 m thick and contains distinct white Mg- 
rich carbonate layers and/or lenses. Huntite, hydromagnesite, and minor 
magnesite are the common components of these carbonate deposits (Sta- 
matakis et al. 1989; Zachmann 1989). Comparison ofthe two units suggests 
a shift oward a warmer and drier climate, which resulted in accumulation 
of evaporitic carbonate deposits in the upper part of the Tertiary lacustrine 
successions (Stamatakis et al. 1989). 
Major Mg-rich carbonate accumulation appears to be spatially related to 
Triassic dolostone and limestone that either extends along the basin margin 
or forms irregular, tectonically uplifted areas in inner parts of the basin 
(Fig. 1). In the western part of the basin, Mg-fich carbonate deposits are 
near ophiolitic rocks. From the proximity of Mg-carbonate d posits to fault- 
bounded basement rocks and the common presence ofaragonitic travertine 
(sinter) adjacent to Mg-carbonates, wepostulate a mechanism for the for- 
mation of these carbonates through the feeding of solutions rich in Mg .2 
and HCO 3 into springs, which is basically in agreement with that proposed 
by Zachmann (1989). Concentration f waters rich in magnesium and car- 
bonate under evaporative conditions in ponds would account for the for- 
mation of hydromagnesite and huntite. In this model, magnesite is consid- 
ered to be a later diagenetic product after these Mg-carbonate minerals. 
Huntite is the predominant Mg-carbonate phase in some parts of the 
basin (Neraida, Stena Portas, Vathylakhos, Yiari-Kayi~, Eanf; Fig. 1). Car- 
bonate mineralogy was determined by XRD analysis of more than 200 
samples from the aforementioned deposits, as well as from other scarce 
occurrences in the basin. Huntite identified by XRD then was imaged by 
SEM (equipped with EDAX). Some selected samples were analyzed in 
parallel (at the National University of Athens, US Geological Survey in 
Reston, Virginia, and Universidad Aut6noma de Madrid) to confirm their 
identification ashuntite. In most cases huntite is accompanied byvarying 
proportions of hydromagnesite and/or magnesite, although as in Neraida 
(32 samples), huntite is almost pure. 
Huntite deposits in the basin are internally massive, commonly with a 
nodular structure. These deposits vary from pocket-like and rounded lenses, 
up to 2 m thick and 3-5 m wide, within green sandy claystones, tolayered 
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FIG. l .--Schematic geologic map of the Kozani Basin with location of clastic and 
massive huntite deposits: I, Stena Portas- 2, Neraida; 3, Yiari-Kayi~,; 4,Vathylakhos; 
5. Potistra; 6, Agrotis: 7, Krokos; 8, Eanl. 
deposits of large lateral extent interbedded with claystone and dolomitic 
marl. The largest huntite deposits are in Neraida, where the thickness of 
the Mg-carbonate exceeds 8 m and can be followed laterally for several 
hundred meters. Here, huntite overlies bedded sandy claystone and in turn 
is capped by dome-like travertine. In close view, huntite deposits are pure 
white with a powdery appearance. When wet, it is highly plastic and breaks 
into mushroom-like surfaces. Huntite consists of a massive aggregate of 
huntite crystallites (1-2 ~m) with scattered, larger (5-10 la, m) subhedral 
crystals (huntite?) and quartz grains. Under SEM, huntite consists of rect- 
angular to square platelets, 1-2 I, zm in size, forming face-to-face aggregates 
(Fig. 2). The rock is quite porous as a result of edge-to-face r lationships 
among distinct aggregates. These characteristics differ from those of huntite 
from Sabkha El Melah, Tunisia (Perthuisot et al. 1990), where huntite is 
present as elongated aggregates of minute (0.5 I.zm) crystals of bacterial 
origin. 
In addition to the massive occurrences, huntite is the main component 
of carbonate clasts in terrigenous facies associated with Mg-carbonate de- 
posits in several parts of the basin. 
CLASTIC HUNTITE DEPOSITS 
Clastic deposits containing fragments of huntite have been found at sev- 
eral places in the basin. The best exposed sections are at Stena Portas, 
Potistra and Agrotis, and near the village of Krokos (Fig. 1). The Stena 
Portas outcrops allow assessment of the geometric relationships between 
FIG. 2.--SEM photomicrograph of untite from elastic deposits of Agrotis. Note 
1the complex arrangement of platy huntite crystals resulting inface to face aggregates 
with a flocculate appearance. 
chemically precipitated huntite and hydromagnesite d posits and terrige- 
nous facies containing reworked huntite. In other places, with the exception 
of a small outcrop near Krokos, clastic huntite has been found in isolated 
outcrops, and its interpretation has so far been restricted to the sedimentary 
features shown by beds that contain huntite fragments. In all cases, the 
carbonate clasts were identified as huntite by XRD. The texture of huntite 
forming the clasts is the same as in the massive deposits (Fig. 2). 
Stena Portas Section 
Deseription.--The section in Stena Portas is a succession of chemical 
and elastic marginal lacustrine facies up to 100 m thick. Huntite is present 
in two distinct horizons showing a similar sequential arrangement (Fig. 
3A). Sequences containing huntite comprise, from bottom to top, laminated 
carbonate with poorly developed fenestral (algal?) rugs and fine root bio- 
turbation and marlstone, massive huntite-hydromagnesite beds with minor 
proportions of magnesite, and clastic, mainly sandy beds that host abundant 
huntite fragments up to a few centimeters in size. These elastic facies, 
which cut into the massive Mg-carbonate deposit, consist of both crudely 
laminated clayey sands showing small-scale tipples and local scouting and 
interbedded well-defined, small (up to a few decimeters thick), slightly 
erosive, sand-filled channels. Clasts of huntite, mixed with variable pro- 
portions of mud chips, are commonly scattered or arranged in thin strata 
within the clayey sand beds (Fig. 4). Well-sorted, finer-grained huntite 
clasts are also found in sand-filled channels. 
Interpretafion.--The basal carbonate, mainly dolomicrite, and marl de- 
posits precipitated in relatively dilute waters in a shallow lake-margin en- 
vironment close to the southern border of the basin (Fig. 1). Further ac- 
cumulation of huntite took place in restricted water bodies, i.e., ponds, 
subjected to stronger evaporation (Miiller et al. 1972). This interpretation 
is based on the discontinuous geometries of the Mg-carbonate deposits. 
After filling of the ponds, the huntite deposit was reworked by channelized 
streams, leading to entrainment and further mixing of huntite clasts with 
siliciclastic sand grains. The poorly structured nature of the clayey sand 
facies at the base of the thickening- and coarsening-upward sequence that 
overlies the huntite pond deposits indicates rapid deposition, probably re- 
lated to hyperconcentrated flood flow. This facies was episodically eroded 
by dilute flows as recorded by small-scale sand-filled channels. Larger-scale 
sand-filled channels towards the top of the sequence reflect more normal 
stream flow and are interpreted as subaqueous distributary channels at the 
mouth of a river-dominated delta. The sharp top of the uppermost andstone 
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FiG. 3.--A) Partial ithosuatigraphic logof the 
Stena Portas ection. Clastic huntite deposits are 
present in two different horizons associated with 
deltaic sequences that show typical thickening- 
and coarsening-upward trends. B) 
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and facies interpretation f the Agrotis section. 
in the sequence may indicate rapid channel abandonment followed by fur- 
ther littoral lacustrine facies. The facies arrangement of the clastic-huntite- 
bearing temgenous deposits in Stena Portas is similar to that described by 
Farquharson (1982) and Glover and O'Beime (1994) from Mesozoic and 
Carboniferous fiver-dominated lacustrine deltas, respectively. 
Krokos Section 
Description.--Near K okos (Fig. 1), clastic huntite is present in two 
small outcrops howing an alternation of slightly erosive, crudely laminated 
to cross-stratified channel sandstone, marlstone, dolostone, and occasional, 
thick massive huntite-magnesite b ds up to 15 cm thick (Fig. 3B). Well- 
rounded clasts of huntite, up to 3 cm in diameter, are found mainly in 
crudely laminated sandstone as well as at the bases of the small channels. 
Shells of Lymnaea uriculata re abundant in both the sandstone and the 
marlstone. 
Interpretation.--The Krokos sequence was formed in a marginal lake 
environment under the influence of streams entering the lake. In this setting, 
massive huntite deposits accumulated either as a final precipitation term 
from Ca-Mg-HCO3-saturated brines (dolostone-dolomitic marl-huntite se- 
quences) or as pure huntite deposits between sand-filled channels. In both 
cases, the huntite represents periods of strong evaporation (MOiler et aL 
1972) and reduced clastic input in the shallow lake area. Further reacti- 
vation of the streams would both dilute the lake waters and rework the 
pond deposits. Slightly erosive bases and trough cross-lamination shown 
by the sandstone channels are indicative of transport by low-energy 
streams, which is corroborated by good preservation of gastropod shells. 
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F~c,. 4.--Clasts of huntite dispersed incrudely laminated, clayey sand, Stena Por- 
tas section. White clasts of huntite show variable grain size as well as different 
morphologies, from flattened tosubspherical. Many huntite clasts are aligned with 
lamination of the sands (gently dipping from right to left). The hammer head is 19 
cm long. 
Potistra and Agrotis Sections 
Description,--Clastic huntite in Potistra and Agmtis were studied in 
small openings for huntite prospecting. These are apparently aligned with 
the Krokos huntite described above (Fig. 1) and consist exclusively of 
huntite-bearing temgenous deposits. In Potistra, the section comprises low- 
angle (3-8 °) tangential-tabular foreset sands. Differences among laminae 
are outlined by changes in both packing and size of the huntite clasts (Fig. 
5A) as well as by local claystone drapes. Scour surfaces with gentle to- 
pography are apparent between the sets of laminae. Huntite clast sizes range 
from 0.2 to 2 cm. Detailed observation reveals heterogeneity of the clast 
distribution within the laminae, which, in general, show pinch-out and/or 
grain fining across the single laminae• The matrix between huntite clasts is 
composed of silt- to sand-size grains of quartz, dolomite, and mica. 
The section at Agrotis (Fig. 3C) records a sequence of basal foreset 
deposits overlain erosively by planar-laminated and small-scale trough 
cross-stratified sandstone (Fig. 5B). The component foresets, dipping at up 
to l 5 °, consist of 5-10 cm thick sandstone beds that are either amalgamated 
or separated by claystone drapes. These thin sandstone beds are ripple 
cross-laminated. The morphology of the current ripples is clearly observed 
at the top of the beds covered by claystone drapes. The upper part of the 
section is formed of crudely laminated calcareous sandstones with abundant 
shells of Lymnaea uriculata. Huntite clasts are common in both basal 
foreset and cross-stratified sands (Fig. 3C). 
Interpretation, Foreset beds containing huntite clasts in the Potistra 
section are interpreted as upper delta-front deposits. They represent parts 
of a delta where bed load fed by streams entering the lake accumulated 
rapidly at the discharge point. Gently inclined foresets are deposited by 
inertia-influenced currents. Scouting between the sets of laminae is indic- 
ative of small fluctuations in river discharge. All these features eem to be 
characteristic of Gilbert-type deltas (Ryder etal. 1976; Farquharson 1982). 
The sequence in Agrotis is more complete than in Potistra and allows 
distinction between foreset delta-front deposits and topset cross-stratified 
sandstones that we interpret as deposited by delta-plain distfibutary chan- 
nels. The presence of claystone drapes within the foresets is indicative of 
the episodic character of the discharge of streams entering the lake. Al- 
though partial, the section in Agrotis records the arrangement of foresets 
and topsets characteristic of Gilbert-type deltas. The thicknesses measured 
in these facies are of the same order as those reported by Farquharson 
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Fie. 5.--A) Foreset laminae consisting of fine to medium sands and clasts of 
huntite (in white), Potistra section. Coin diameter = 2.5 cm. B) Small-scale trough 
cross-stratified sandstone with abundant clasts of huntite (white)• Agrotis section. 
Coin diameter = 2.5 cm. 
(1982) from Mesozoic lacustrine deltas in Antarctica nd are indicative of 
the shallowness of the lake in which the deltas formed. 
DISCUSSION 
The oldest occurrence of huntite has been documented by Wolberg et 
al. (1989), Bellis and Wolberg (1989) and Jameossanaie etal. (1990), who 
found it in continental, coal-bearing, Upper Cretaceous deposits of New 
Mexico. This occurrence suggests that huntite might be preserved in old 
sedimentary formations in spite of its metastable character. The presence 
of rather widespread huntite deposits in the Upper Neogene of Greek Mac- 
edonia (Wedzestein 1975; Stamatakis etal. 1989; Zachmann 1989) sup- 
ports this assessment. 
In the Kozani Basin, the formation of huntite and other Mg-carbonates 
was conditioned by supply of Mg-rich waters from ophiolitic and dolomitic 
source rocks into a lake. The sedimentology of the huntite suggests that, 
whether associated with hydromagnesite and magnesite or as a pure Mg- 
rich carbonate phase, it was initially deposited in ponds in marginal oca- 
tions of the main lake system. This conclusion is in contrast with that 
proposed by Zachmann (1989), who suggested that hydromagnesite was 
the initial Mg-carbonate phase, precipitated under surface conditions in the 
lake environment, and magnesite was transformed from hydromagnesite 
during late diagenesis. Zachmann (1989) concluded that, finally, huntite 
formed after magnesite in the subsurface of the basin though at reduced 
pressures and low temperatures and as a result of the intermixing of Ca- 
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rich karst waters with previous Mg-rich carbonate phases, namely mag- 
nesite. We will not discuss here the exact mechanism of huntite lklrmation 
in the Kozani basin, but the presence of elastic huntite within terrigenous 
facies strongly suggests that the huntite is either a direct precipitate or an 
early diagenetic product from an other Mg-rich carbonate precursor (prob- 
ably hydromagnesite) lbnned in ponds, i.e.. under surface conditions. In 
the latter case, the transformation from hydromagnesite to huntite might 
take place rapidly before reworking of the huntite by streams. 
The scarcity of descriptions of the morphology and physical properties 
of huntite at the time of its deposition in modem sedimentary environments 
(Kinsman 1967; Perthuisot et al. 1990) presents a problem in determining 
a reliable mechanism of formation and further entrainment of the huntite 
clasts. The huntite probably started as a gelatinous mud, resembling the 
"yoghurt" appearance described for dolomite and other carbonates in re- 
cent evaporitic lakes (De Deekker and Last 1989: Warren 1989). The sed- 
iment then evolved into more indurated massive huntite, similar to that 
observed in present outcrops. 
The petrography of huntite from outcrops in the Kozani Basin is envis- 
aged as similar to that of the initial huntite, because the material maintains 
high and well-preserved microporosity (Fig. 2) which results in an extreme- 
ly high absorbent capacity. No significant degradation, e.g., dissolution 
features or smoothing of crystal faces, is recognized in the huntite crystals. 
The behavior of the huntite deposits after wetting of outcrops provides a 
clue for understanding the mechanism of detachment of the huntite frag- 
ments: wetting of the huntite produces convex-up, "'cauliflower"dike 
structures of varied diameter and irregular to wavy edges. Each single 
"'cauliflower" structure is in turn cracked into smaller pieces whose edges 
extend downwards 2-3 cm. In this way, formation of huntite clasls could 
be adequately explained by breakage caused by expansion upon wetting 
rather than by contraction related to desiccation of the huntite deposits. 
This latter process, involving development of polygonal cracks, curls, or 
flakes, is commonly invoked for the formation of intraclasts from cohesive 
carbonate beds (Shinn 1983; Allen 1982), but no evidence of such sedi- 
mentary structures or of  related initial particle morphologies has been rec- 
ognized in the huntite deposits. 
Clastic huntite in the Kozani Basin is always associated with marginal 
fiuvio-lacustrine facies that usually form part of deltaic assemblages. In 
Siena Portas, sandy terrigenous beds containing huntite clasts are located 
at the bases of thickening and coarsening-upward units resembling, both 
in scale and facies arrangement, the mouth-bar type lacustrine deltas de- 
scribed by Farquharson (1982). These deltaic sequences, overlain by littoral 
lake facies, are indicative of the evolution of the lacustrine margin during 
a lake highstand. In the same way, elastic huntite in Potistra and Agmtis 
is associaled with both medium-scale foreset sandstones and topset rough 
cross-stratified beds representing upper delta front and delta distributary 
channels, respectively. This sequence, typical of Gilbert-type deltas, is sim- 
ilar to that recognized by Ryder et al. (1976) in Lower Tertiary nonmarine 
deltaic assemblages from the Uinta Basin. The presence of gastropod-rich, 
littoral lacustrine facies filling the available accommodation space at the 
top of the deltaic sequence is, as in Stena Portas, indicative of a lake 
highstand. 
With the foregoing as a basis, we propose a sedimentological model for 
elastic huntite deposits in the Kozani Basin (Fig. 6) that takes into account 
the initial formation of massive huntite in ponds on marginal carbonate 
flats (in the sense of Ryder et al. 1976) during lake Iowstands. Flooding 
of the marginal fiats during later rises of lake level causes wetting and 
breaking of the huntite through expansion, facilitating entrainment of hun- 
tile clasts by streams and accumulation i lake-margin deltaic complexes. 
Finally. preservation of elastic huntite requires some comments. The 
finding of huntite in the Upper Cretaceous (Bellis and Wolberg 1989) as 
well as in the Upper Neogene, as described here, undeniably indicates that 
this mineral has a much greater chance of long survival than previously 
believed (Garrels et al. 1960), even if the huntite is broken and dispersed 
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FIG. 6.--Idealized model for the formation ofelastic huntite deposits inthe Kozani 
Basin. 
as fragments within a porous detrital sediment. The presence of elastic 
huntite in the Kozani Basin suggests that appropriate conditions for both 
rapid accumulation and preservation of the huntite clasts are attained in 
lake-highstand-related deltaic environments with moderate to high sedi- 
mentation rates. In this environment, Mg-fich pore solutions in the terrig- 
enous sediment would account for the higher preservation potential of hun- 
tite. 
CONCLUSIONS 
In spite of its labile and presumed metastable character, huntite is rec- 
ognized to form a main detfital component in terrigenous beds of fluvio- 
lacustrine facies in the Kozani Basin. Huntite clasts accumulated after re- 
working of huntite pond deposits in nearby lake-margin carbonate fiats. 
Most of the elastic huntite corresponds to delta-front facies and delta dis- 
tributary channels in deltaic assemblages deposited uring lake highstands. 
The physical response of huntite upon wetting suggests a process of for- 
mation of huntite clasts by wetting-induced xpansion and further rework- 
ing by streams. Finally, the recognition of clastic huntite deposits trongly 
suggests that this mineral formed either as a direct precipitate or as a very 
early diagenetic product in ponds, which precludes a late diagenetic origin 
for the huntite in the Kozani Basin. 
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